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DEMCINSTRATION OF NEAR-REAL-TIME ACCOUNTING AT THE AGNS BARNWELL PLANT*

D. D. Cobb, H. A. Dayem, and A. L. Baker
Safeguards Systems Group Q-4

Los Alamos National Laboratory

Los Alamoa, NM 87545

Abstract

Near-real-time nuclear materiala accounting
is being demonstrated in a aeriea of experiments
at the Allied-General Nuclear Services Ba(nwell
Nuclear Fuels Plant, Each experiment consists

of operating the second and third plutonium

cyclas continuously for 1 week using uranium

solutiocs. Process data are collected in near-
real time by the 4GNS computerized nuclear mate-

rials control and accounting system, and the

data are analyzed for diversion using deciJion

analyeis techniques developed and implemented by
Los Alamos. Although the meaaur~merlt system
primarily consists cf process control measure-

ment that have not been optimized for near-real-
t ime accounting, the results of a series of

diversion tests ahow that diversion and unex-

pected losses from the process area can be
detected.

1. Introduction

An essential step in the development of
safeguards technologies is the demonstration that
they are both coat ●ffective cnd operationally

●cceptable in dctufll nuclear facilities. A

promising safeguards technique that currently is
being demonstrated in an ●xisting reprocefisin
plant ia near-real-time ●ccount ing (NRTA).1 -!!

By thie t~chnique, an updated book inventory ic
maintained almost in real time by combininR auto-

mated data-base ●nd inventory-control methode
with on-line measurement of the net transfere

(inputs minus outputs) of nuclear mat~rial acroas
sfilected unit-process ●ccounting are~s (upAAa)l
Frequently, the inventory in proceaa equipment,
● s indicated by the comput~rized book inventory,
ie verifi~d using available procasd meceurements
●nd ●ngineering eetimates.

In principle, the ●dvantage of the NRTA
technique are Lhat it provides eensitive, :im~ly,

●nd Iocaliztd detection of diversion or tinex-
pected and unmeasured loseee of nuclear material
from the process Jrem of e nuclear facility.

lhie ie accomplished by collecting ●nd analyzin~

data from exieting or, in coma caaea, from up-

graded proceee instrurner)tationo In many re-
epeeta, the object{vas ●na tcchniquee of NltTA
parallel those of inlproued process cont:ol,
making it attractive to plant ope:ators.

It is these advantages end the operational
compatibility of NRTA that are currently bein&
demonetratad in ● series of ●xptrimcntt at the

Alli@d-General Nuclaar Servlcee (AGN3) B~rnwell
Nuclear Fueio ReproceasinB Plant, Be#itlning in
1976, tht AGNS Barnwell plant wae adopted by the
Las AIamoe Safeguards Syetems Group as the baee-
line facility for a aeriea of ar.udiea to devaIop

~Work oupporfed by the US Department of Energy/
Office of Safe8uardg ●nd Sacurity,

NRTA systems for reprocessing plants. 1,2 These
studies showed through the use of computerized
modeling and emulation techniques that NRTA

could provide sensitive and timely detection of
diversion from the chemical reparations erea of

a reprocessin~ plant.
In these atwdies the plutonium purifictition

procesz (Fig. 1) received special attention
becauae this ia where decontaminated plutonium

solutions would be processed to the final, con-

centrated plutonium-nitrate product. A reference

NRTA atrstegy was developed th.-t ~~nsidered thc~
plutonium purification process ~s q separate
unit-process accounting area.

In 1977 AGNS, under the sponsorsbin of DOE,

began the development and testing of a L.-nuto--

ized Nuclear Material Control and AccountlnF
System (JNMCAS),3 Initial work on CN!4Ci,J

involved the entire chemical separation line

and focused on r.omputerization of measurement,
measurement control, and accounting procedures
for IIconventional” ●ccountinftt (“Conventional”

accounting is the measurement of inputa and out-
puts for a materiala balance arcs, coupled with

periodic cleanout and ph:rsical inventory to close
the materials balance, )
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Fig. 1. AGNS minirun block dia~ram.



As on-line measurement and computer capabil-
ities improved, AGNS began to experiment using

routine measurements of process variables to

estimate the quantity of material in process.
These experiments were initially conducted for
the entire process, but by 1980 reduced funding
required AGNS to find a less costly mode of test-
ing. Because of the widespread and continuing
intereat in computerized nuclear materials con-

trol and near-real-time accounting methods, the
minirun ccncept was devised. This concept in-
volves Cyciing uranium solutions through the
plutonium purification process in a closed loop,
supported only by the solvent recycle system,
the acid recovery/condensate recycle systems,
and the process off-gas system.

2. Minirun Description*

The minirun cycle (Fig, 1) consists of four
pulsed-column contractors (2A, 2B, 3A, and 3B);

one packed column (3PS); a product evaporator
(3P concentrator); and sever, product, feed, and

blending tanks. Support systems include aqueous
waste tanks, a waste evaporator and acid frac-

tionsitor, a solvent surge and recycle tank, ● n
off-gas system, and associated process ●nd chem-
ical distribution systems. This represents a
good cross section of routinely used plant equip-
ment for development of improved materiala con-
trol and ●ccounting methods. A modified Purex
solvent-extraction flowsheet is used with unir-

radiated natural uranium in place of plutonium
for the tests,

The normal starting inventory for each run

waa 4(JLJ-5(J0 kg of uranium. After attaining
equilibrium, a “proceaa holdup” (pulsed columns,
lines, product evaporator) of ●buut ?0-75 kg wan

abaerved, with the remaining material distrib-
uted among product tanke, Waste lcssea frolll the

~yatem varied from run to run, ●veragi~.g some-

thing on the ordar of 100 kg for each run,
Five minirun experiments were performed ●t

AGNS during 1980 ‘!ith p~rticipation by Los AIamon
National Laboratory to demonstrate NRTA and Oak

Ridge National Laboratory to demonstrate proceaa

monitoring. Table 1 oummarizea the purpose and

●ctivities of each of th? fiv? runs.

3. D@mnnstration of NRIA nt ACN5

Damonatration of NRTA ● \ ACNS r~quired t ,~!
development of ● pulstd.,column invantory ●stima-

tor, formulation of mat~rials accounting atrate-
giat, davelopmcnt of computer proRrams to acquire
●nd ●nalyae the maaaurement data, ●nd implemen-

tation of thesa programs on the AGNS computer
system.

Maaauromwrts.

Measurement data from tho AGNS trroceaa-con-
trol inatrummtation, including sstimatec of
random and aystomatic measurement uncartaintiao,
were recaivd in a data file (ARANGC) ●vary houi.

~ companion papar by J. M* Crawford) J* H*

h]iia, and M. Hc Ehinf!@: (AGNS) ontitlad “Near
Real-Time Accounting in a Roproceating Facility
UainB In-Proccsc Invmtory Estimation.”

No-

1
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5
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lABLE 1

1980 MINI~JN DESCRIPTION

Purpose

Shakedown

Shakedown/baaelint

run

Announced diver-

sions (all parties

informed of diver-
sion timing)

Unannounced diver-
sions (accounting
pereonnel not in-

formed of timing)

DOE contractor

Special Teat Activities

Program debugging;

Column inventory exper-
imen t

Accumulation of steady-
atate data

17 abrupt (batch) diver-
sions ranging from 5 to

0.25 kg of uranium;
4 protracted rercwals,

each of 16-h duration

with ratea from 0.2 to
0.6 kg/h of uranium

3 abrupt removals of
0.3, 0.5, and 1.2 k?

of dranium;
2 protracted remwals of
0.5 kg/h of uranium,
each %12-h duration

1 abruc.t removal of
demonstration 0.25 k~ o~ uranium;

1 protracted ramoval of
0.85 kR/h of uranium

for 16 h;
Column inventory exper-

iment

Sample data from the analytical laboratory werp
added to the ARANGE file as they becnme avail-
able,

The measurement data in the ARANGE file
included volumes and concentrations for process

tanks ●nd flow rates and concentratio~*o for pro-
cess streama, Th? meas,lrement tyoes ant! lo:a-

tions are shown in Fig, 1. ‘Ihe leke] and dens-

ity in each of the process tanks wer~ mtasur~ci
ualnp dip-tube mancneters, Th@ urdnium ccncen-

trationa in tanks were ~s!lculatod from densitv,
temperature, and fr~e.acid meaaurementa, TIIP
uranium roncentrstiona of the “B” rolumn organic
product atreamo were ●lao determined from on-line
density mea~~re,nen:t, Samplea were taker, period-
ically for chemical ~nalyais from tht lBF surpe

tank , the column product atraamt, tha wastr
atreama, the solvent fted tank, and all fe?d and

product batchea. Flow ratea of all orRanic and

aqueoua inl~t Streams were maasurcd by flnw-
mct~rs. The 2AF flow rate waa meaaured ucing ●

matering hcndpot.

Analyaia Prosrams.
Threa computer proRrams (RADAR, FUNNEL, and

DECANAL) were {mplew@nt@d at AGNS for analyring

minirun maaaur~ment data, RADAR is a utility
code that r~sds the measured data from ARANG15
and porformu min{maI Cornwtting and data check-

inR, R4DAR th~n writes the input measurement

data fi~a for the FUNNEL program. FUNNEL is the

Cxecutive FroRram th~t forms matorlals balanc~a.
lt wcs writtan apccifically for th~ AGNS mir~run
nroccaa. The pro~ram O11OWB the user to ccloct



for analysis data spanning particular time per-

iods and co select any of several unit-process
accounting areas (UPMS) covering different areas

of the process. FUNNEL calculates estimates of
the pulsed-column in-process inventory, checks

for uncovered dip tubes, flags unreasonable meas-
ured values, and tracks multiple batct, transfers.
The FUNNEL code al.() h, llds tablea of the raw
measurement data. .~>e tables are used to iden-

tify and ●xplail anomalies, such as plugged
probes or other faulty measurements. For a

specified UPAA and time period, the FUNNEL pro-
gram combines the raw measured values to calcu-

late net tranafers, in-process inventories a~ld
their atatiatical uncertainties, and transmits
them to the decieion ●nalysis (DECANAL) package
for analysis using decision analysis meth-
ods.b,5 These ~nalysi~ methode are incorpo-
rated in the computer program DRCANAL that calcu-
lates sufficient sCatistica containing all

●ccounting information, sets decision thresholds.
and compares theee statistics to the thresholds
in teeting for diversion. The I)ECANAL output

includes varioua graphical displays, such as
●larm charta that indicate the likelihood and
location of diversion, ●nd plots of vario~a sta-
tistics that estimate the ●mount of diversion.

Data from ●ach UPAA were examined by DECANAL

using a two-step seen-search procedure, In the
scan mode, materials balance and cuaum plots

were produced for selected time intervals, ●long

with tables ●nd plots of measurement data from

selected instruments. These data were scanned

for evidence of probable outliera or trends. If

significant loaaes of uranium were !md{cated,
the data were searched and an ●larm chart was

generated. In the search mode, the most signifi-
cant sequence of matarials balances waa identi-
fied, and the amount, time, and location of the
apparent leas were determined,

Pulsr’ Column Inventory Estimation,

Under normal process conditions it ia not

poaaible (or ●t Ieeat not very convenient) to
measure the in-proceoa invsntory of nuclaar mate-
rial in the pulsed columns. However, ●stimates
of tlf~in-proccaa inventory can be obtainod if
flow-rato and concentration mc~auramenta are

available on the column inlet ●nd outlet atreama,
The syatams studies of near-real-time ●c-

countingl,z showed that ●atimatea of the AGNS
column inventories to 10% or better should be
●dequate for aenaitive dataction of losses.
Under the tponsorahip of LOS Alamos, with parti-
cipation by AGNS, General Atomic Company, Iowd
State University, and Clemson University, tech-
niques for estimating the inventory in the
pulsed-column contractors were developed.617

?low rates of all inlet mtroams ●re mon{-

tored to control the columns, For improved con-
trol and for NRTA, the concentrat{ona of nuclear
mattricIs i,-, th~ faed, product, and waste Ctreams

should also be meaauted. Thea@ mearuromenta can

be used to ●stimate th~ irt-procsas inventory of
nuclear materiala in the columns. Tha form of
the eetimattsr is 8iven by

(1)H ● HfCf + HPCP + HWCW I

where H ia the total column invtntory and Cf,

c?, and Cw are meaeured concentrations in fead,

product, and waate streams; Hf, Hp, and Hw are
constanta determined experimentally and through

engineering models for each pulsed column.
Experiments at AGNS during run numbers 1 and

5 indicate that the column inventory estimates

are gOOd to 5 to 25% for individual columns and
to about 10X for the total uranium inventory in

all four pulsed columne. These column inventory

●xperiments consisted of draining the columns
into holding tanks at the end of the minirun,
The contents of the holding tanks were sampled

and analyzed for uranium, and the measured ura-

nium inventory was compered with the estimated
inventory for ●ach of the colunns.

Accounting Strategies,

The definition of several UPAAS with over-
lapping boundaries wae desirable and possible
because at certain points in the proceaa there

were redundar,t measurements; for example, the
lBP tank drop-out rate ●r,d the 2AF stre&m head-
pot flow meter both meaaure the 2AF stream flow
rate. Likewiee, product solutions can be fnea?.-
ured in the product ce:ch tank , the product

sample tank, and the product storage tanka.
Materials-balance data from overlapping UPAAS
●nd redundant measurem*nta were very useful in
detecting ●nd localizing losaea &nd jn maintain-
ing continuity when there were measurement proh-
lema .

The major UPAAe ●re:

1. Full Process UPAA - includ:s the entire
closed loop of the plutonium purifica-

tion process, ● ? operated for the mini-
run: ;

2. Column UPAA - isolaten the columns into

● single accounting area bounded hv the
IBP tank and th? 3PS concentrator;

3. lB? surge tank UPM - isolates the lRP
surge tank with the plutonium r?work

tank ●nd the 2AF stream;
4. PPP UPM - includes the columns ●nti the

3PS concentrator with boundaric! at thr
lBP surge tank ●nd the Pu catch tank

(alternatively, the catch tank can be
included in the UPM, ●nd the sample

tank can be used for the output trans-
fer measurement); and

5* Tank UPAA - iaolatea ●ny single tank in

tt.e proc~aa as a separmte UPM,

4, Result!

Sample NRTA results ~btained during mini-
rune 3, 4, ●nd 5 are shown {n FiRI,, 2-5, ‘1Wil
data analyaie statiatlca are included in thp
examples, the materiala balance and the cuaum,
Each figur~ showa pIote of the test etatiatic
●nd the corrcapondinR alarm chart, Each test
statistic is plotted aequent{a!ly in tire? with
lcJ ●rror bara. The alarm chart ia a paint
plot of initial time va fif,al time for each
aequonce of materialo bslcnce datn that caua?d
an alarm. Thus, the position of ~ach point on

the chart indicataa the t{m~ period when ●ach

altrm occurrod, The significance of each alarm

{s indicated by the p10ttln8 symbol. The letterm
A-G are us.d to indicate increasing si~n{fictnce,

?igure 2 is a mstorials balance and alcrm
chart for a static storage tank during minirun



3. A series of abrupt diversion tests (5.2,

2.6, 1.2, 0.65, and 0.26 kg) were conducted. The

first and second diversions generated highly
significant alarms. The other three removals
did not generate ●ny single point alarms beca:,se

they were not statistically significant. The
estimated amount of material lost in the first

two diversions is 6.0 and 3.1 kg, respectively.
The difference between the estimated loss and
the true loss results from a difference in the
ct,emical analysis of the diverted material and

the on-line concentration measurements for the
tank. Note that the variability of the data in
Fig, 2 is relatively small, indicating that we
may be underestimating the precision of measur-

ing the tank volume or the concentration.

Figure 3 shows materiala balance, cusum,
and cusum alarm charts for ● storage tank (305).
The cusum alarm chart shows numerous, highly
significant alarms representing lonp s-quences
of materials bslance data. This indicates that
a protracted diversion test started between 1700
and lbu(J on 7/17/i$Ll and ●nded between 0800 and
09U(J on 7/lbl&). We estimated that .4.1 k~ of
material was removed during this t ime. , CNS

8r 1
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Fig. 2, Tank 3(I5 (OOOtI 7/!7/0( - 1700 7/17/80):
m&t@ria)s balanco chart (upper), mate-
rials balance alarm chart (low*r),
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Fis, 3. Tank 305 (1500 7/17/80 - 1200 7/10/80):

materials baianc~ chart (upper), cuaum

chart (middl@), and cusum alarm chart
(low*r),
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Fig, 4, Column UPM (J1OO 9/4/80 - 1200 9/8/80):
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FIR. 5. Column UPAA (2000 11/18/80 - 1650

11/21/80): curium chart (upper) and

curium aIrnrm chart (lower),

records later ohowed chat ?,6 kR of mnterial was
removed b?tween 1750 on 7/17/80 and 105!, on

7118/80,
Figure 4 ahowa materials balance, cusurn,

and cuaum ●larm cherta for the column UPAA during

● 100-hour time period of minirun 4, The only

prominent feature in the materiala balmnce chart
compriaea three baitncea %tO hotira into th~

run. These balancea result from ● n anomalously
low uranium product concentration measurement,

Thre* oepmrate positive trenda are apparent in

the cuaum, corresponding to two protracted diver-

e ion ttats trom intermediate column product
atrnama (2O to 40 houra ~nd 80 to 100 hours) and

afi unmeasured rapid loon of uranium to waate (5o
to 70 hours). The ●larm chart ahowa three clun-
tcra of alarma corresponding to the cuaum trends.
All thr?~ trends produced highly significant

●larma.
Figure 5 ehowa ● cutum and its correaponrlinp

alarm chsrt for the column UPAA durinR minirun 5.
During this time period, come problems w~re

earper{enced with the 2AF flowmeter; yet we verc
able to draw materiala bslanc~a ●bout this UPAA
by ucin~ the IBP tank dropout rat? {natead of



tr, e flowmeter to determine the input transfer to
the UPAA. The cusum shows a significant trend,

and the corresponding alarm chart indicates that

the most significant sequence startei at 5 hours
(0000 11/19/80) and ends at 29 hours (0400
11/20/80). During that time we estimated that

24 kg of material waa diverted. AGNS records
later indicated that 21 kg of msteriol was re-
mo’ed from the IBP tank during the period 0000

on 11/19/81 throug\, 0115 on 11/20/81.

5. Discussion

The results of the AGNS minirun experiments

illustrate that NRTA can be implemented st a
chemical reprocessing facility and can provide
timely and sensitive information concerning the
location and quantity of nuclear material within
the process. The reaulcs also demonstrate the
importance of having redundant measurements and

overlapping UPAAs-to isolate losses and circum-

vent meaauremenc problems. These results are

more striking if we remember that the majority
of inatrumenta used during these miniruns were
originally installed for process control. Future
mlnirun expcrimenta at AGNS will incorporate
on-line nondestructive measurement , such as
x-ray fluorescence ●nd abaorption-edge densitom-
etry, to measure concentration in process and
waate streams, Column inventory experiments are
alsu planned for each run.

The following ia a list of “lessons learned”

from the 1980 miniruns.
● Near-real-time accounting for nuc lear

materials is aensiti~e to 10ss?s (both
abrupt Id protracted) from the process
area of ● large nuclear fuels reprocess-
ing plant.

● Measurements of flow rates ●nd concen-

trations are n~tded on process atr~ams,
including waste streams, that crona
accounting ● rea boundaries, Ftanv of
these meaaurementa can be obtained from
process control measurement n mud? on
adjacent proceaa veaaela. A few concen-
tration measurements require the addition

of NbA inatrumenta on sample lines,
o in-procese inventory mesaurementa ●nd

eatimatea uatially can be obtained from

available process control data. These
meaaurementa in genera I need not be aa

●ccurate or precise ●nd may be madr leas
often than the stream maasurementa.

liatimatea that are aatiafactory for NRTA
can be made of the in-proceaa inventory
in puIaed coIumns. The preacnce of two-
phaae liquids must br considered for all
process v~aseln.

● Overlapping UPAAa and redundant meaaure-
manta ● re helpful for syatema reliability

and for localicatioli and detection of
Ioaaea.

● Analysis and display methods geer~d to
ease of underatandinR ●nd interprctinft
the data ●nd tl,e status of the process
●re necessary components of near-real-
t ime ●ccounting ●nd procuss control
systems.

1.

2.

3.

L.

5.

6.

7.

● The reprocessing facility is an inte-
grated whule, and the safeguards system
must address the entire facility. State-
ments concerning the overall sensitivity
of the safeguards system must recognize
this fact.
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